The DEX-S Questionnaire is a tool often used in the self-report of executive difficulties. Numerous data demonstrate that the result of the DEX-S do not differentiate between healthy and clinical groups or people with different characteristics of brain pathology. Limited research taking into account lateralization of damage also did not provide the conclusive data. There were no relationships between the DEX-S result and the results of tasks evaluating cognitive function, including executive functions. There is an ongoing discussion on the clinical and ecological value of the DEX-S.
Introduction
The term "executive functions" (EF) defines processes for planning, controlling and correcting the behavior [1] . The models proposed by the authors [1] [2] [3] [4] [5] [6] accentuate different components of EF, but researchers agree that EF are essential for proper cognitive, emotional and behavioral functioning. Executive functions deficits (EFD) manifest themselves in the form of disorganized behavior in different domains of human functioning, including the disruption of self-awareness, interpersonal communication, professional activity, and everyday life [7, 8] . Neural basis of EF is a complex cortical-subcortical network, including, among others, prefrontal cortex (dorsolateral -DLPFC, orbitofrontal -OFC, ventromedial prefrontal cortex -vmPFC) [9, 10] , the anterior cingulate cortex (ACC) [11] , thalamus, basal ganglia [12] , and the cerebellum [13, 14] . Because of extensive neuronal loop, EFD are recognized not only in patients with the frontal and frontal-subcortical pathology [15, 16] but also with the pathology covering the areas posteior to the central sulcus [17] and in many other clinical syndromes of different etiology and characteristic of brain dysfunction [18] .
Because EFD are a common consequence of brain damage which interferes with the self-reliance of patients, standardized psychological instruments to objective measure and self-assessment of EF are being improved. These tools, including self-report tools, should have a functional and ecological value which is capable of predicting whether and to what extent/which domains of cognition and behavior reveal executive deficits and disruptions of insight. The data show that some patients with EFD perform routine tasks involving EF just like healthy people, but experience many difficulties in everyday life [6, 19] . This is due to the low ecological value of some techniques (e.g., discussion on the WCST -Wisconsin Card Sorting Test) [4, 6, 20] because they do not reflect natural conditions. A similar discussion also applies to methods that require self-assessment of EF [21] . Among them the most well-known tool is the DEX (Dysexecutive Questionnaire) [4, 22] , which is an element of the BADS (Behavioral Assessment of the Dysexecutive Syndrome) [4, 22] . It is believed that the DEX is sensitive to EFD and it also has ecological value [23, 24] . There are at least 2 versions (DEX-Self/S and DEX-Other/O), and sometimes 3 versions are proposed (DEX-S, DEX-O, DEX-Clinician/C) [25] . In the Self version, the examined person is asked to self-assess the severity of difficulties in performing activities involving EF, while the DEX-O/C version is filled in by a close person/clinician. Information on the level of insight into own executive deficits can be obtained by comparing self-reports and data from methods that objectively assess EF (tests, observation of behavior and/or assessments made by loved ones -so-called index of insight) [23] .
Originally the DEX and its variants were mainly used in the diagnosis of patients with the frontal lobes pathology [22] , however, due to the frequent occurrence of EFD in other clinical groups, its use has gone beyond the traditional range of applications. Despite the popularity of this tool, its psychometric value is debated. Part of the data showed that the overall result of the DEX-S correlates with the results of the executive tests (in groups with pathology of the prefrontal area) [23] , other data do not confirm such a relationship [26] . According to Chan [24] , the results obtained in the DEX-S can reflect not only behavioral symptoms typical for EFD but also the symptoms associated (or not) with EFD. This explains the lack of difference in the result of healthy people and people with brain damage and EFD symptoms. Another reason is the multi-variable conditioning of sense of EFD in both clinical and non-clinical groups: age, intensity of positive or negative affect, level of education [27] .
Although EFD grows with age [28] , paradoxically, the older age promotes better judgment of one's executive functions together with a higher level of positive affect, cognitive functions, language competences, female gender, and a higher sense of health. Sense of executive difficulties in young people results from the higher intensity of negative affect, which decreases with age [29] . However, the latest research shows that a healthy person reporting various types of cognitive complaints (subjective cognitive decline -SCD) perform executive tasks at a lower level. This may suggest that a sense of executive difficulties and the actual poor EF capabilities underlie the overall sense of cognitive deficits [30] .
People with brain pathology often believe that they have lower executive efficiency. As mentioned above, various reports do not show differences in the DEX-S between healthy people and people with brain pathology [31] , therefore work on improving the accuracy and reliability of the questionnaire in the form of factor analyzes [32, 33] and modification of the classic version of the DEX is being continued [34, 35] . A 4-factor structure of the DEX (emotional and personality, motivation, behavioral, and cognitive disorders) is recommended [36] . Other works suggest 1-factor [37] , 3-factor (self-regulation, metacognition, cognition) [33] or 4-factor (inhibition, intentionality, social behavior, and abstract thinking) structure, referring to the proposal of Burgess et al. [23] (inhibition, intentionality, executive memory, positive and negative affect). However, the data concerning the possibility of differentiation and elucidation of the structure and mechanisms of a sense of EFD are still not consistent. Some authors indicate that the DEX-S result/profile does not differentiate between people with a different localization of pathology within the prefrontal area [38] , or that some items have a weaker diagnostic value [39] . Other studies show characteristic profiles of complaints which are different for pathology in the orbitofrontal area (OFC), dorsolateral prefrontal cortex (DLPFC) and anterior cingulate cortex (ACC) [39] . Few analyses consider the links between the lateralization of pathology (including not only the frontal lobes) and the DEX-S result/profile. Slachevsky et al. [39] , analyzing the data of patients with damage to the right, left or both frontal lobes, showed that patients with bilateral pathology reported significantly more severe complaints, while people with damage to the left and right frontal lobe did not differ in this scope. Van Rijsbergen et al. [40, 41] , on the basis of a review of research, indicate that the localization and lateralization of stroke do not differentiate types of cognitive complaints, including EFD, and differences were related only to the severity of complaints of people after stroke and healthy people. In conclusion, the DEX-S utility assessment in clinical diagnosis is not conclusive, and the research we have undertaken is an attempt to engage in discussion.
Material and method
In reference to literature data, the purpose of our research was: (a) to compare the DEX-S scores obtained by healthy people and people with lateralized pathology of the brain; and (b) to determine the relationship between the DEX-S result and the selected cognitive, emotional, and age variables. The study was approved by the local Ethical Committee (1/2016). All participants provided written informed consent to participate in the study. People with aphasia, hemianopsia and other deficits which make completing the questionnaire impossible, as well as people addicted to alcohol and/or other psychoactive substances and those with the history of mental, neurological or somatic illness, were excluded from the research. Patients were examined by a clinical psychologist in the second week of their stay in the department of neurology. The examination of healthy subjects (volunteers) was carried out by a clinical psychologist at a scientific institution. After considering the inclusion and exclusion criteria, the statistical analysis used data from 115 people, including 58 women (50.4%) and 57 men (49.6%). All persons were right-handed, for all participants Polish was the first language. 11.9% of the participants had primary education, 58% -secondary education, 30.1% -higher education. The subjects did not differ in age (Table 1) .
On the basis of the interview, questionnaires and, in the case of people with brain pathology, medical history (including neuroimaging data, i.e., CT -computed tomography and/or MRI -magnetic resonance imaging) 4 groups were identified: persons without a neurological history (control group/C = 74), persons with pathology in the left hemisphere (LH, N = 6), right hemisphere (RH, N = 12) and both hemispheres (BH, N = 23). The etiology of damage was varied -mainly vascular diseases; cranio-cerebral trauma and multiple sclerosis occurred incidentally. Patients whose neuroimaging studies showed structural changes in both hemispheres (87% of patients -vascular etiology; 8.7% -MS; 4.4% -head injury) were qualified to the BH group, while patients with changes limited to one hemisphere were qualified to the LP group (100% of patients -vascular etiology) and the PP group (92% of patients -vascular etiology; 1 person after cranio-cerebral injury), respectively. Due to the size of the lesions, which typically include the frontal, parietal and temporal lobes, the criterion of localization of pathology in the "anterior -posterior area" was not applied.
The following methods were used: 1. The Montreal Cognitive Assessment Scale (MoCa), designed to assess the overall level of cognitive function (max. score 30 points), which includes tasks/subcategories concerning short-term memory, visual-spatial, executive and linguistic functions, verbal fluency, attention, naming, abstraction, and allopsychic orientation [42] . The analysis included both the total score and subscales scores. The examined person has to choose a response on a Likert scale; lower score means no anxiety, while a higher score -higher level of anxiety associated with a sense of cognitive difficulties (from 0 points/never to 4 points/ always). The results on this scale range from 0 points (no anxiety) to 44 points (high level of anxiety) [43] . 3. The DEX-S (Dysexecutive Questionnaire/Self) to self-assessment of the intensity of executive difficulties [22] . An experimental version using back translation was used due to the lack of Polish adaptation. 4. The WAIS-R PL subtests: Vocabulary (to assess language competences/semantic knowledge), Digit span forward and backwards -to assess verbal-auditory memory, working memory, cognitive flexibility, and attention [44] .
The study involved 2 meetings to minimize factors (e.g., fatigue or anxiety) that could affect the test results; the DEX-S was presented at the end. Data were analyzed using SPSS IMAGO v 22. Because the variables had a normal distribution (the Shapiro-Wilk test), intergroup and correlation analyzes were performed using parametric tests. The significance level was set at p ≤ 0.05.
Results
The characteristics of the results obtained by the subjects are shown in Table 1 . In all tests/cognitive tasks, healthy individuals obtained significantly higher results compared to RH, LH and BH groups. In spite of the similarity of results of clinical groups, patients from the RH group obtained the lowest results (except for the Vocabulary -the lowest result in the LH group). The highest (medium) level of anxiety was observed in the RH and BH groups (although the results of the AFF were within the limits of the low -average results), the lowest level of anxiety was in the C and LH group. To compare the results of the DEX-S items in 4 groups, the test of significance of differences for k > 2 groups (parametric ANOVA). The data are shown in Table 2 and Figure 1 . Groups do not differ significantly in the DEX-S total score which is below the average score of the test (i.e., less than 40 points). The highest average score was obtained by the RH group (27.3% of the possible result) and the BH group (27%), slightly lower -by the C group (24%), the lowest -by the LH group (16.6%). Sig-nificant differences between groups were revealed only in the case of a few items ( Figure 1, Table 2 ). Compared to the other groups, the RH (sometimes BH) group had a greater sense of euphoria, apathy, attention deficit, susceptibility to distraction, and declared less interest in social situations. The LH group pointed mainly to the presence of impulsivity and aggression, the BH group -to apathy, while healthy individuals emphasized the sense of perseverance, impulsivity, inability to inhibition, motivational fluctuations, and tendency to confabulate.
The second aim of our study was to analyze the correlation between the DEX-S results and the other variables in each group. Correlation results are presented in Table 3 . There was no correlation between, consecutively, age, Digit span forward and backwards score, the MoCA total score and subscales scores, and the DEX-S in groups. However, there were positive correlations between the higher level of anxiety (AFF) and the higher DEX-S score in each group. It was found that the higher the score in the MoCA Delayed recall subscale, the higher the sense of executive dysfunction in the RH group, and the better the language efficiency (WAIS Dictionary), the higher the sense of EFD in the LH group (correlation on the borderline of statistical significance).
Discussion
The mean DEX-S total scores for healthy and clinical subjects were low and similar to those reported in other studies. The lack of significant difference in the DEX-S between groups [22, 31, 32, 45, 46] was also in line with other authors' data. The low DEX-S scores can be explained by the presence of psychological mechanisms activated in the acute/subacute phase of the illness when the patient is focused on current problems, such as motor or existential ones, rather than on cognitive problems. The confrontation with the difficulties in the distant phase of the illness might have increased the sense of deficit or, in the absence of insight, reduced it [45] . Other explanation for the low DEX-S performance and lack of difference between the groups was associated with the ambiguity of the phrases used in items. Judgments about the tendency to increased impulsivity or confabulation might have resulted from an individual understanding of these terms [29] . The content of the items is related to behavior that affects most people regardless of the clinical context, and do not have to be (or is incidentally) associated with actual cognitive/executive competences [e.g., 15, 24, 28] but rather with negative emotions [e.g., 32, 33] .
Analysis of the DEX-S total score, items scores and correlation analysis showed that the DEX-S result might have reflected the mechanisms of self-assessment of executive functions which are dependent on the nature of the brain pathology/brain state. Patients with right hemisphere pathology, in comparison to other patients, reported a more convincing belief about EFD and also obtained low results in tests. This result is not consistent with numerous studies that have shown a link between the right hemisphere damage and anosognosia, which is the lack (total, partial) of awareness of one's own limitations [47] , and, therefore, a mood inadequate to the situation [48] . On the other hand, other reports have shown that these patients experience anxiety or anger, they also experience depression even more often than people with lesions in the left hemisphere [49, 50] . According to Schacter [51] , negative emotions might have occurred (as a result of unconscious processes) despite the lack of insight into deficits or anosognosia might have taken the discrete/partial character.
Reporting EFD and anxiety by these patients can be explained by the involvement of the right hemisphere in the construction of Self [52] , the organization of executive functions [53] , attention [54, 55] , regulation of emotions [56] . This hemisphere mediates the recall of autobiographical data, in particular those of emotional nature [57] , attribution processes referring to self [52] and the regulation of emotions by selecting different strategies depending on external conditions [57] . This is supported by the right-hemispheric representation of executive processes responsible for the arousal control, the processes of external orientation, and the control and monitoring of metacognitive processes [55] . Dysfunction of this hemisphere disrupts the effective strategies for regulating emotions leading to high levels of anxiety and a sense of cognitive deficits.
Different results were obtained in patients with left hemisphere pathology: the DEX-S scores and items scores were low, similar as the intensity of anxiety. Persons with pathology of this hemisphere often present depressive mood but it usually accompanies aphasia [50] , which was an exclusion criterion for participation in our study. Dysfunction of the left hemisphere weakens the processes of inner speech and introspection [58] , disturbs the cognitive flexibility and attention to verbal stimuli [53] . Therefore, it is possible that lower efficiency of language/semantic competencies in LH group hampers the DEX-S performance and explains the low score. However, it does not authorize to say that it is an indicator of lack of insight into one's own functioning.
The results of the healthy people also deserve some comments. Similarly to the reports by other authors, the DEX-S total score was similar to scores obtained by clinical groups (here: RH and BH). However, the determinants of the sense of EFD were different, they included personality variables and other variables uncontrolled in this study [59] .
The own research has some limitations. These are as follows: small number of study participants, differential etiology of brain damage and the inability to take into account the localization of pathology in the "anterior-posterior area" of the brain. In subsequent studies it is worth to use other methods of cognitive functions evaluation and self-evaluation of executive functions as well as descriptive versions for relatives. It is also worthwhile to refine the DEX-S factor analysis based on the EF models. Conclusion on the sense of EFD and its adequacy on the basis of the DEX-S score requires particular caution due to multivariable conditions, lack of clear definition and indicators of sense of dysfunction.
Conclusions

1.
The DEX-S total score did not differentiate between healthy people and people with different lateralization of brain pathology. Despite this, patients with damage to the right and both hemispheres reported, on average, the highest sense of executive difficulties, healthy people reported lower sense of executive difficulties and patients with the left hemisphere pathology -the lowest. Significant intergroup differences occurred occasionally, i.e., in the case of only a few items. 2. Patients with damage to the RH and BH reported a sense of difficulty in a variety of areas: emotions, attention (susceptibility to distractors), social functioning, abstract thinking, planning, sequential activity, and problem solving. LH results in the subsequent items were similar, except for the sense of impulsivity and aggressiveness. 3. Patients from the clinical groups (LH, RH, BH) obtained significantly lower scores in cognitive assessment tests compared to healthy persons. 4. The higher DEX-S score, irrespective of the group, correlated with higher level of anxiety. 5. Incidental correlations between the DEX-S score and the level of language competences (LH) and delayed recall (RH) were observed. Higher efficiency of these competences favored a higher sense of executive difficulties. It is therefore necessary to consider the different cognitive determinants of the sense of executive difficulties (and/or its components) depending on the clinical state of the patients, including the lateralization of brain pathology. 6. Higher level of the sense of executive deficits in patients with pathology of the right hemisphere associated with cognitive difficulties may reflect the adequacy of insight into current limitations. The low scores obtained in the group with left hemisphere pathology do not suggest the lack of awareness of EFD because they result rather from reduced linguistic/semantic performance impeding the DEX-S performance. 7. The profile analysis creates more possibilities to describe the sense of executive deficits than the DEX-S total score.
